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ABSTRACT 

Thirteen television frames of the Moon taken in 
the wavelength regions of 1350-2150 A by filter U 3 
and 1050-2150 A by filter U 4 of the Smithsonian 
Astrophysical Observatory's Celescope experiment 
are discussed. The data include phase angles from 
-81° to -26°. The brightness dependence on phase 
angle differs slightly from that of visual observa- 
tions. The brightness dependence on selenographical 
longitude is compared with the theoretical photomet- 
ric function derived by Hapke. 


I . INTRODUCTION 

Many people have studied the photometric properties of the 
Moon in the infrared, visual, and near -ultraviolet ranges at 
wavelengths longer than 1900 A. In the summer of 1969, we 
lowered this range to 1050 A with the data gathered by a tele- 
vision photometer whose field of view was divided in half by 
broadband filters. The effective wavelengths are 1600 A for 
filter U 3 and 1500 A for U 4 . Figure 1 gives the transmission 
for each filter. 

Figure 2 shows two representative television pictures of 
the Moon. Thirteen such pictures were used in this study; 
eight were taken with the U 4 filter, and five with the U 3 . 

The Moon's phase angle ranged from -81° to -26°, permitting us 
to examine the Moon's phase law as well as its normal reflec- 
tivity. We were unable to obtain smaller phase angles because 
of spacecraft constraints. 
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II. THE MOON'S PHASE LAW 

The phase law of the Moon at intermediate phase angles is 

I 0 = 1(6) - 36 (1) 

where 1(0) is the intensity of the Moon measured at phase 
angle 0, and 8 is the phase coefficient. At small phase 
angles, this relationship does not hold; however, our observa- 
tions were at phase angles large enough to lie wholly in this 
linear region. We determined with a least-squares fit that 
the best coefficient is 8 = 0.04 mag/deg. This value is 
0.012 mag/deg larger than the phase coefficient in the visual 
range . 

Figure 3 shows our values of 8 plotted with those from the 
visual range (Gehrels ert al_. 1964) . They appear to fall on 
a straight line over the entire range. 


III. THE NORMAL REFLECTIVITY OF THE MOON 


The normal reflectivity of the Moon is given by 
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F-igusie 2. — CeleAcope plctuAeA of, the ultraviolet Moon. 
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where I^ is the intensity of the Moon at zero phase, Iq is the 
intensity of the Sun that would be measured by Celescope, a is 
the semidiameter of the Moon, and r is the Moon-Sun distance. 
We use the phase coefficient derived in equation (1) to extra- 
polate to the brightness of the Moon at zero phase. Obtaining 
the solar intensity needed in these calculations presents 
problems. There is some question as to what the Sun's inten- 
sity is at Celescope wavelengths. The values published earli- 
er by NRL (Widing et_ aJ. 19 70) are higher than those of 
Parkinson and Reeves (1969) by a factor of 3 at 1600 A and of 
2 at 1800 A. However, a calibration problem caused a zero- 
point error in the NRL data; its discovery makes the discre- 
pancy even larger, for the corrected NRL intensities are 40% 
higher than the published values at these wavelengths (Widing 
1970) . Figure 4 shows the normal reflectivities from earlier 
studies at short wavelengths and the Celescope reflectivities 
derived from two different intensity measurements. The one 
marked NRL uses the revised NRL solar intensities for 
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A > 1400 A, the OSO-IV intensities for A < 1400 A (Parkinson 
1970), and the intensity of Lyman alpha from Hinteregger 
(1965). The one marked Parkinson and Reeves-Bonnet uses the 
Parkinson and Reeves data for 1400-1850 A and the findings of 
Bonnet at 1900 A (Parkinson 1970), the OSO-IV intensities for 
A < 1400 A (Parkinson 1970), and the intensity of the Lyman 
alpha line from Hinteregger (1965). The reflectivity from 
these measurements depends not only on the absolute value of 
the solar flux but also on the absolute value of the Cele- 
scope data. Our instrument is calibrated for point sources, 
not area sources. We have indicated the worst-case effects 
of the error on the reflectivity. If the Parkinson and Reeves 
values are correct, the Moon's reflectivity is leveling off or 
increasing in the 1000-2000 A range covered by the Celescope 
filters even if the minimum reflectivity values allowed are 
used . 
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IV. THE ULTRAVIOLET PHOTOMETRIC FUNCTION 


Bruce Hapke (1963,1966) devised a model for the Moon's 
photometric function, <j>(A,a), defined as 


B (A, 6 ,g) 

<f>U,a) = B (A,6,0°) 


(3) 


where B(A,S,a) is the brightness of a unit region of the Moon 
at longitude A, latitude 6, and phase angle a — that is, the 
change of brightness with the selenographic longitude and 
phase angle. Figures 5 and 6 show Celescope data points 
plotted along with a Hapke curve. For these points, cf> has 
been computed from the formula 


UcO B (A , 6 , g ) 

<j>(A,a) - ? (o°) B ( 6 2 ° , 0 ° , a) ' (4) 

where C(a) = <J>(A,a) as defined by the Hapke theory, and 
S(a)/C(0°) serves as a normalizing factor to fit the Celescope 
points to the Hapke curve. The photometric function from the 
ultraviolet data at -25° shown in Figure 6 is very similar to 
that of Herriman et al_. (19 63) ; they derived theirs from the 



F tguae 5. — Ce.lz-6cope data Ipotnts) ua . thzo anttaal Hapke. 
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FXgute 6. — Ce-te-icope data [potnt-i) v& . th&o>ie.ttcat Hapke. 
function . 

data of Fedoretz (1952) as reported by Hapke (1966) ; theirs 
is reproduced here in Figure 7. Our ultraviolet measurements 
also fall under the curve in the 30-60° region. 

We conclude that the phase coefficient 6 is larger in the 
ultraviolet than in the visual, that the normal reflectivity 
is leveling off or perhaps increasing, and that the Hapke pho- 
tometric functions predict our results as well as they do the 
visual results. 

We wish to acknowledge the support of NASA Contract NAS 
5-1535. We thank all the Celescope personnel who have helped 
us with this analysis and all Grumman ground-support personnel 
who helped us obtain these data. 
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